Abstract: An overview of decay modes of superheavy nuclei, the proton decay, the alpha decay, the cluster decay and the spontaneous fission, have been studied by considering the isotopes of darmstadtium (Z = 110) 
Introduction
The studies of physical as well as chemical properties of superheavy nuclei have received much attention in recent years. The quest for superheavy nuclei began in 1960s with the prediction of island of stability [1, 2] . Recently the isotopes of many superheavy nuclei have been synthesized using hot fusion reaction [3] performed at JINR FLNR (Dubna) and cold fusion reaction [4] performed at RIKEN (Japan) and GSI (Darmstadt, Germany).
Understanding of decay modes and half-lives are very important in the study of superheavy nuclei. Most of the isotopes of superheavy nuclei discovered so far were identified by observing their radioactive decay chain. The decay modes of superheavy nuclei includes proton decay, alpha decay, spontaneous fission and cluster decay. Theoretically all these emissions have the same underlying mechanism in Physics, the quantum tunneling effect. Superheavy nuclei are proton rich nuclei and hence exiting decay modes such as two proton emission may be observable. Nuclei lying above the proton drip line with positive disintegration energy are proton unstable and decay through proton emission. Up to now several attempts [5] [6] [7] have been made to explain the phenomenon of proton decay. Alpha decay and spontaneous fission are the two dominant decay modes of superheavy nuclei. Superheavy nuclei prominently exhibit sequential alpha decay chains followed by spontaneous fission. Alpha decay from superheavy nuclei are extensively studied using various theoretical models [8] [9] [10] [11] since it is considered as the direct evidence for the existence of superheavy nuclei. The complexity in the fission process and uncertainty in the nature of fission make spontaneous fission half-lives of superheavy nuclei uncertain. Many theoretical formalisms [12] [13] [14] [15] are also there for calculating the spontaneous fission half-lives. The emission of clusters heavier than alpha particle is also relevant in the region of superheavy nuclei [16, 17] .
In this work we are evaluating the various decay modes of superheavy nuclei Ds within the range 256 ≤ A ≤ 275 including proton emission, alpha decay, spontaneous fission and cluster decay. Alpha decay and cluster decay half-lives are calculated using the Coulomb and proximity potential (CPPM) proposed by Santhosh et al [18] . A brief outline of CPPM is presented in Section 2. The results and discussion is given in Section 3. A brief summary of the results is given in the last section.
II.
Coulomb and proximity potential model (CPPM)
In CPPM the interacting potential between two nuclei is taken as the sum of Coulomb potential, proximity potential and centrifugal potential, for both the touching configuration and for the separated fragments. For the pre-scission (overlap) region, simple power law interpolation has been used.
The interacting potential barrier for two spherical nuclei is given by: Here Z 1 and Z 2 are the atomic numbers of the daughter and emitted cluster, "r" is the distance between fragment centres, " z " is the distance between the near surfaces of the fragments,  represents the angular momentum and μ the reduced mass. V p is the proximity potential given by Blocki et al., [19, 20] as:
With the nuclear surface tension coefficient:
Here N, Z and A represent the neutron, proton and mass number of the parent nuclei.  represents the universal proximity potential [20] given as:
, where 1  b fm is the width (diffuseness) of the nuclear surface. The Süsmann central radii C i of the fragments are related to the sharp radii R i as:
For R i , we use semi-empirical formula in terms of mass number A i as [19] :
The potential for the internal part (overlap region) of the barrier is given as:
0  fm, the diameter of the parent nuclei. The constants 0 a and n are determined by the smooth matching of the two potentials at the touching point.
The barrier penetrability P using the one dimensional Wentzel-Kramers-Brillouin approximation, is given as:
Here the mass parameter is replaced by μ=mA 1 A 2 /A, where m is the nucleon mass and A 1 , A 2 are the mass numbers of daughter and emitted cluster respectively. The turning points "a" and "b" are determined from the equation, V (a) = V (b) = Q, where Q is the energy released.
The half-life time is given by:
Here λ is the decay constant and ν is the assault frequency. The empirical vibration energy E v, is given as [8] :
III. Results and Discussion
In the present work we have studied various decay modes of superheavy nuclei Ds (Z = 110), within the range 256 ≤ A ≤ 275, including proton decay, alpha decay, spontaneous fission and cluster decay. Various theoretical models are used for calculating the decay half-lives.
Proton Decay
The one proton and two proton separation energies of all the isotopes of Ds within the range 256 ≤ A ≤ 275 are evaluated. The mass excess values taken from Moller et al., [21] have been used for calculating the separation energies. All the possible proton emitters of Ds within 256 ≤ A ≤ 275 are listed in Table 1 . The one proton decay half-lives were calculated using Gamow like model [7] . The half-lives for one proton radioactivity for the isotopes [256] [257] [258] [259] [260] Ds are also shown in 
Alpha Decay
The Q values for the decay are calculated using the mass excess values taken from Moller et al [21] . The alpha decay half-lives of all the isotopes of Ds within the range 256 ≤ A ≤ 275 are calculated using CPPM. For a theoretical comparison the half-lives are also evaluated using Viola-Seaborg semi-empirical relationship (VSS) [22, 23] , the Universal curve of Poenaru et al., (UNIV) [17, 24] , the analytical formula of Royer [25] and the Universal decay law (UDL) [26, 27] . It is seen that the decay half-lives calculated using CPPM matches well with other theoretical results. The calculations of alpha decay half-lives using CPPM and their comparison with other theoretical models are presented in TABLE 2.
Table 2:
The alpha decay half-lives of isotopes of superheavy nuclei Z = 110 in the range 256 ≤ A ≤ 275.
Comparison of the half-lives using 5 different models is given.
Spontaneous Fission
The spontaneous fission half-lives are calculated using the new shell-effect-dependent formula proposed by Santhosh et al., [13] and is given by: The accurate calculations of spontaneous fission half-lives are difficult due to the complexity and uncertainty of fission process. The spontaneous fission half-lives calculated using the new shell dependent formula of Santhosh et al., [13] are compared with the semi-empirical formula of Xu et al. [14] , formula proposed by Bao et al. [15] , and the formula of Ren et al., [28] and are given in TABLE 3. Model to model variations in the prediction of spontaneous fission half-lives in superheavy region are evident from the table.
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Cluster Decay
Recently much attention has been received for the emission of clusters heavier than alpha particles. The cluster decay half-lives for the emission of clusters 8, 10 Be, 12,14 C, 16, 18, 20, 22 O, 20, 22, 24, 26 Ne, 24, 26, 28, 30 Mg from all the isotopes of Ds within the range 256 ≤ A ≤ 275 has been studied using CPPM. The Q values for the decay are calculated using the mass excess values taken from Moller et al [21] . For those clusters whose mass excess values are not available in Moller et al., the corresponding values are taken from Wang et al [29] . Fig 1. Shows the plot for log 10 T 1/2 versus mass number for all the possible cluster emission including the alpha particle emission from the isotopes [256] [257] [258] [259] [260] [261] [262] [263] [264] [265] [266] [267] [268] [269] [270] [271] [272] [273] [274] [275] Ds. Experimental upper and lower limits are also marked in the figure using dotted black lines.
Fig 1:
Plot for the emission of clusters, 4 He, 8, 10 Be, 12,14 C, 16, 18, 20, 22 O, 20, 22, 24, 26 Ne, 24, 26, 28, 30 Mg, from 256-275 Ds.
IV.
Conclusion
Knowledge of decay properties is inevitable in the study of superheavy nuclei. The decay modes of superheavy nuclei includes proton decay, alpha decay, spontaneous fission and cluster decay. A theoretical
